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What is an Index Velocity site? 

 Collecting real-time velocity and area to 

compute discharge. 

 Same methodology as a stage/discharge 

where: 
 Q= V X A 

 Differs from separating velocity and area into 

2 ratings 



What is an Index Velocity Site Con’t? 

 Used where a stage/discharge is not able to 

obtained: 

 Backwater 

 Licking River at 536 

 Slope 

 Ohio River at Louisville 

 Tidal effect 

 Beargrass Creek at River Road 

 Working in conditions where velocity is needed 

 Ohio River at Olmsted 



What is needed for an Index site? 

 Site Selection!!!! 
 Site is relatively parallel and uniform 

 Near the region of max velocity free from any boundary 

effects 

 Stream is straight for 300ft or 5-10 channel widths 

 Located 5-10 channel widths US or DS of any tributary 

 Total flow is confined to 1 channel 

 Streambed is not subject to scour and fill 

 Able to measure discharge at all stages 

 Easily accessible for installation and O&M 

 Free from air entrainment 
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Pier Wakes 

Flow Reversals 
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Upstream 
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What is needed for an Stage/Discharge site? 

 Site Selection!!!! 
 Site is relatively parallel and uniform 

 Near the region of max velocity free from any boundary 

effects 

 Stream is straight for 300ft or 5-10 channel widths 
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What is needed for an Stage/Discharge site? 
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effects 
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Instrumentation Selection 

 There are a few types of instruments that can 

provide velocity: 
 Acoustic Doppler Velocity Meters (ADVM) side looking 

 Acoustic current meters that use Doppler principle 

to measure water velocities in a 2-deminsional 

plane.  Sidelooking is mounted so the beams 

profile out. 

 ADVM up looking 

 Same as above except up looking is mounted so 

the beams profile up. 

 Acoustic Velocity Meters (AVM) 

 Time of travel devices that measure water 

velocities along an acoustic path 



ADVM Side Looking 

 Used primarily for larger 

rivers 

 Sediment build-up areas 

 Allows for a large or small 

sample area 



ADVM Up Looking 
 Used primarily for smaller 

streams 

 Cells are dynamic to 

change size on the fly 

 Allows for a large or small 

sample area 



AVM 

Central processor 

Transducer 

Flow 

Transducer 

Cable 

 Used primarily for smaller 

streams 

 Time of travel devices 

that measure velocities 

along an acoustic path 

 Allows for a large or small 

sample area, but only at 

one depth 



Installations ADVM side looking 
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Installations ADVM side looking 



Installations ADVM up looking 



Rating development 

Q= V X A 

Remember our equation to obtain discharge 



Rating development 

Q= V X A 

Well we have the “Velocity” installed 



Rating development 

Q= V X A 

How do we get the Area 



Development of Stage-Area Rating 

1. Establish a standard cross section 

2. Survey the standard cross section 

3. Develop stage-area rating and 

4. Validate stage-area rating 



The standard cross section should be 

located as close to the ADVM as possible 

so that changes in the cross section can 

be monitored over time. 



Survey the cross section  

 Perpendicular to primary flow 

 Survey consist of 2 values 

 Horizontal position 

 Elevation of that horizontal position 
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The use of an Acoustic Doppler  

Current Profiler (ADCP) and  

leveling equipment can be used 

for same results 



After collecting the cross section 

information: 
 Software is used to develop the rating and 

output in graphical and tabular format 



Rating development 

Q= V X A 

Now we have both 



Rating development 

 Data Collection 

 Discharge Measurements 

 Information from Gage 

 Data from ADVM 



Arrive at the site 

 Collect readings from all gage equipment 

 

 

 

 

 Set ADVM to log every minute 



Arrive at the site 

 Collect readings from all gage equipment 

 

 

 

 

 Set ADVM to log every minute 

60 and 60 



Start measurement 

 Begin the measurement at the beginning of a 

minute and measure for 12 minutes 











After measurement 

 Retrieve data from ADVM 

 Collect a final set of gage readings 

 Scribe the discharge with other 

measurements made at the site 

 After enough measurements are made, a 

rating can be established 



With a stage/discharge relationship a logarithmic curve can be used:  



Index/velocity uses a liner line to calculate discharge: 
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Index/velocity uses a liner line to calculate discharge: 
y = mX + b + error 

 
y= computed mean velocity 

m= slope of line 

X= index velocity 

b= y intercept (where the regression  

line crosses the y=axis when x=0) 

error= error around regression line 



Is the Rating Complete? 

 No we still need to make sure that the rating 

is statistically valid, through regression 



Is the Rating Complete? 

 No we still need to make sure that the rating 
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Is the Rating Complete? 

 NO TREND, that’s good 



Is the Rating Complete? 

 TREND, that’s not good 



NO TREND 

 Indicates that the index velocity is an 

appropriate estimator for the mean channel 

velocity 

TREND 

 Indicates that one or more other variables 

affect the relation to mean channel velocity 



Discharge Rating Analysis (DRA) 

 The Discharge Rating Analysis shows how 

the measurements plot on the rating 

 

 After a rating is established the DRA verifies 

or validates if the rating is changing 





Finally the discharge is ready for the 

internet 



Question and Answers for Index Velocity 

 Does index velocity work at every site? 

 In most backwater, tidal effected, slope stations; 

Yes they do.  The installation and section location 

is the most challenging.  There are some instances 

where index velocity will not work in backwater 

conditions. 

 SUCH AS: 



Regular Stream Flow 

Backwater from Licking River 









Measurements in backwater 



Measurements 22 













River Road 

3 Mile Creek 



Current Location 





Possible 

relocation 



What happens when you don’t see any effects 

from backwater and a stage discharge 

relationship looks fine? 

 A good example of this is a site 13 miles from 

the Ohio River and measurements checked 

out well to a stage discharge rating: 





Looks to check out where 

backwater is expected 



Measurements in backwater 



Licking River at 536 Issue 

Licking River at 536 and 

Licking River at Catawba 

Licking River at 536 and 

Ohio River at Cincinnati 







Can you have a stage discharge and 

index velocity rating at the same site? 

 Yes compound ratings are possible 

 The lower end of the rating may be 

represented very well by a stage discharge, 

while the upper end, such as a slope site may 

need an index velocity. 

 The result will look similar to: 



Lower Rating 

stage discharge 

There may be a 

small imperfection 

within the transition 

point 

If the point of 

transition is right 

before it goes into 

slope the point is 

almost seamless 



Can this technology be used for anything 

other than providing discharge? 

 Yes. Estimating suspended sediment in rivers 

and streams. 

 High sediment concentrations can reduce: 

 Water quality 

 Flood protection capacity 

 Waterway navigation 

 Reservoir storage capacity 



Can this technology be used for anything 

other than providing discharge? 

 The use of Acoustic technology for sediment 

surrogate is: 

 Provide more direct measure of sediment 

concentrations 

 Not susceptible to biofouling like turbidity sensors 

 Measure larger sampling volume 

 Potentially provide information on sediment size 



Can this technology be used for anything 

other than providing discharge? 



Is there a cost difference for an index 

velocity? 

 Because the site requires more equipment 

and more measurements at all velocities, the 

site increases for the first 2 years. 

 The site then goes to regular O&M costs after 

the rating is established. 



Questions? 

I feel I 

always 

look 

sideways. 

Don’t 

worry 

things are 

starting to 

look up! 


